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ORIGINAL ARTICLE 
Detection of Mycobacterium tuberculosis in mixed broth 
cultures using DNA probes 
Andrew M. Middleton, Maureen l? Chadwick and Harold Gaya 
Department of Microbiology, Royal Brompton Hospital, London, UK 
Objective: To investigate the ability of a commercial acridinium ester-labeled DNA probe (AccuProbe, Gen-Probe Inc., 
USA) to detect the presence of Mycobacterium tuberculosis complex in a mixed culture with Mycobacterium avium 
complex. 
Methods: The density of organisms required to produce a positive result for Mycobacterium tuberculosis complex 
alone in broth culture was compared with the density required to produce a positive result in the presence of 
Mycobacterium avium complex. 
Results: A threshold density of 1 . 5 ~ 1 0 ~  CFU/mL was required for detection of Mycobacterium tuberculosis and this 
threshold remained unaltered in the presence of Mycobacterium avium complex. The presence of Mycobacterium avium 
complex had no effect on detection of Mycobacterium tuberculosis in a mixed broth culture incubated and probed over 
a 21-day period. 
Conclusions: The findings of the study suggest that the presence of Mycobacterium avium complex has no effect on 
the detection of Mycobacteriurn tuberculosis and that the Accuprobe test is potentially capable of detecting a dual 
infection with organisms of both complexes. 
Key words: DNA probes, dual infection, culture identification, Mycobacterium tuberculosis, Mycobacterium avium 
complex 
INTRODUCTION 
The use of DNA probes has greatly decreased the 
time required for identification and differentiation of 
mycobacteria isolated from primary cultures of clinical 
specimens. Early probes, such as the ‘251-labeled DNA 
probes (Gen-Probe Inc., San Diego, California, USA), 
used isotopic labels and have been superseded by non- 
isotopically labeled probes such as the acridinium ester- 
labeled probes of the AccuProbe system (Gen-probe 
Inc., San Diego, California, USA). Problems with the 
early isotopic probes included the inherent problems 
of working with radioactive material in the clinical 
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diagnostic laboratory, short shelf life and longer, more 
labor-intensive, protocols. The acridmium ester probes 
are safe, simple and rapid, giving reliable confirmation 
of culture identification for a number of mycobacterial 
species [l]. 
These DNA probes are specific for a single species 
or complex. However, the possibility of the presence 
of a dual infectionvwith both the Mycobacterium tuber- 
culosis complex and Mycobacterium avium complex, 
although rare, can arise. This question arises most 
frequently with positive blood cultures from immuno- 
compromised patients. Primary isolation may indicate 
M.  avium complex infection but it is essential to know 
if M.  tuberculosis is also present, as the clinical pre- 
sentation may indicate this. Early isotopically labeled 
probes for M. tuberculosis were shown to produce false- 
negative results in the presence of ‘contaminating’ 
organisms in the culture by possible dilution of the 
target organism, precluding the use of the technique 
on all but pure cultures [2]. It has also been suggested 
that there may be problems detecting the presence of 
M. tuberculosis in mixed broth cultures with M. avium 
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complex using acridinium ester-labeled probes; probing 
the sediments produced positive results only for M.  
avium complex and negative results for M.  tuberculosis 
This study was undertaken to determine whether 
the AccuProbe culture confirmation probes for myco- 
bacteria could detect and differentiate between M.  
tuberculosis complex and M. avium complex in a mixed 
culture. 
[31. 
MATERIALS AND METHODS 
Using serial dilutions of M.  tuberculosis in broth, the 
threshold density of organisms at which the presence of 
M.  tuberculosis could no longer be detected by the 
AccuProbe was determined. These results were com- 
pared with those of the same dilution series of M.  
tuberculosis in the presence of a constant, higher density 
of M.  avium complex to see if the threshold density 
required for detection of M. tuberculosis was in any way 
altered. A second experiment involved growing the 
two species together in broth culture, sampling this 
culture at intervals and probing for the presence ofboth 
species. 
Method 1 
A suspension of M.  tuberculosis H37Rv was adjusted to 
McFarland standard 1 in Dubos broth base and a seven- 
step doubling dilution series was made. The viable 
count of each suspension was measured using serial 
10-fold dilutions (lo-' to in Middlebrook 7Hl l  
agar. The suspensions were then probed, following 
the manufacturer's protocol. Briefly, 100 pL of each 
suspension was sonicated in a tube containing glass 
beads and lysing agent in a sonicating . water-bath 
(F51006, Decon Labs Ltd, E. Sussex, UK) for 15 min, 
followed by heating in a heating block (QTB1, Grant 
Instruments, Cambridge, UK) at 95 O C  for a further 10 
min; 100 pL, of the lysate was then removed to the tube 
containing the DNA probe and this tube was placed in 
a water-bath at 6OoC for 15 min. The final step was the 
addition of 300 pL, of the selection reagent and a further 
incubation of 10 min at 6OOC. After a 5-min cooling 
period, the tubes were read on a luminometer (Leader 
50; Gen-Probe). The results are expressed as Relative 
Light Units (RLUs). Each suspension was probed in 
duplicate and the results were combined to produce the 
arithmetic mean. 
Method 2 
A suspension of M.  avium complex isolated from a 
clinical sample was adjusted to McFarland standard 
2, and 1 mL of this suspension was added to 1 mL of 
each of the suspensions of M. tuberculosis prepared in 
method 1. These mixed cultures, with the M.  avium 
complex in a final dilution equivalent to McFarland 
standard 1, were probed for M. tuberculosis as described 
above, to see if there was any difference in the RLUs 
obtained. The results were adjusted to take into account 
the fact that the addition of 1 mL of M. avium complex 
constituted an additional 1 : 2 dilution of the M.  tuber- 
culosis. The adjustment was achieved by dividing into 
two the viable counts calculated in method 1, for 
each suspension of M. tuberculosis, and plotting these 
values against the probe results. Each suspension was in 
duplicate and the results were combined to produce the 
arithmetic mean. 
Method 3 
The final experiment was carried out to determine 
if similar results to those of the mixed suspension 
experiment described above could be obtained with a 
mixed growing culture. This experiment was intended 
to mimic a positive culture containing both organisms. 
Two suspensions, one of M.  tuberculosis and one of 
M. avium complex, were adjusted to McFarland standard 
1, and 100 pL of each was added to a BACTEC 12B 
vial (Becton Dickinson Inc., USA) to produce the 
equivalent of a 1 : 80 dilution of McFarland standard 
1 of each organism. The broth culture was then 
incubated at 37°C and 100 pL was withdrawn every 48 
h for 10 consecutive days and again after 21 days of 
incubation and probed for M.  tuberculosis, as described 
above. AU measurements were made in duplicate. The 
culture was also probed at the same time for the 
presence of M. avium complex. The purpose of probing 
for M. avium complex was to ensure that this organism 
was still present within the mixed culture. In all cases, 
except at time 0, the probe was positive. A suspension 
of M. tuberculosis was adjusted to McFarland standard 
0.5 and inoculated into a second BACTEC 12B vial 
and treated as for the mixed suspension vial. The probe 
results were used to produce a control growth curve for 
M. tuberculosis for comparison with the curve produced 
by the mixed suspension vial. 
RESULTS 
Figure 1 shows the viable count in C F U / d  and the 
equivalent RLU reading for the dilution series for 
M.  tuberculosis in pure culture and M .  tuberculosis in 
the presence of a constant concentration of M.  avium 
complex. The results obtained show a similar relation- 
ship between the number of viable mycobacteria 
and the number of R L U s  as in other studes [4]. The 
RLU readings increase relative to increasing numbers 
of mycobacteria up to approximately 3 x lo7 CFU/mL. 
Any further increase in mycobacterial numbers produces 
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Figure 1 The viable count in CFU/mL by the equivalent RLU reading of M .  tuberculosis in pure suspension (*) and 
M .  tuberculosis in a mixed suspension with M .  avium complex (0 ) .  
Relative 
Light 
Units 
30 000 RLU 
Positive threshold 
Figure 2 The FUU reading by the number of days of incubation of M .  tuberculosis in a mixed broth culture with 
M. avium complex (m), M. tuberculosis alone in broth culture ( o ) ,  and M. avium complex in a mixed broth culture with 
M .  tuberculosis (A). 
RLU readings no greater than 5 x lo5, as it is likely that 
the available DNA probe coating the probe tube 
becomes ‘saturated’. The graphs show a similar curve 
and would appear to demonstrate that the presence of 
M.  avium complex has no significant effect on the 
detection of M.  tuberculosis. The results show that a 
threshold density of approximately 1.5 x 106 CFU/mL 
is required for detection of A4. tuberculosis according to 
the manufacturer’s defined positive cut-off reading of 
3 x lo4 RLU. This threshold density remained unaltered 
even when M.  avium complex was also present in the 
broth. Figure 2 shows RLUs for M .  tuberculosis probes 
against the number of days of incubation of the mixed 
broth culture and the pure suspension control broth. 
Once again, the presence of an equal initial inoculum 
of M.  avium complex appears to have no effect on 
detection of M.  tuberculosis over an incubation period 
of up to 21 days. 
DISCUSSION 
The results of this study can answer the fimdamental 
clinical questions regarding the use of this technique 
to define the nature of a patient’s infection-single 
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organism or mixed. The conclusion &om the results of 
this study is that the AccuProbe can detect the presence 
of M.  tuberculosis to the same degree in both the pre- 
sence and absence of M. m i u m  complex. This is true in 
both static suspensions and in actively growing broths. 
The success of the AccuProbe in detecting the presence 
of M. tuberculosis in the growing culture was perhaps the 
most encouraging result for the practical application of 
the test, since other studies have concluded that it was 
likely to be the faster rate of growth of M .  uvium- 
intrucellulure in BACTEC medium that accounted for 
false-negative M.  tuberculosis AccuProbe results [3]. Our 
study was able to detect the presence of M.  tuberculosis 
in the mixed BACTEC culture 21 days after the initial 
inoculation of both organisms. 
However, we cannot say that in all cases of dual 
infection the AccuProbe will be able to detect both 
M .  tuberculosis and M .  uvium complex from the same 
culture. It has been shown that M .  uvium complex 
grows faster than M .  tuberculosis [5,6]. For example, a 
culture containing a 100-fold dilution of McFarland 
standard 1, of M .  uvium complex took a mean time 
of 4.2 days to reach a turbidity of McFarland standard 
1, compared to M.  tuberculosis, which took 9.2 days. 
The recovery of M .  tuberculosis from mixed broth 
cultures, such as blood cultures, may depend on the 
ratio of the inoculum of the two organisms; M.  uvium 
complex may be present in an even greater proportion 
than in the experimental design of this study. Uneven 
distribution of small numbers of organisms may also 
be significant. Prior antibiotic treatment may also 
affect the final result. Furthermore, care must be taken 
with AccuProbe tests carried out on blood cultures, as 
false-positive results can occur. Our laboratory uses a 
modification to the manufacturer’s protocol similar to 
that described by Evans et al [7] .  With these factors in 
mind, we now have increased confidence in our ability 
to answer the question ofwhether there is single or dual 
infection when using DNA probes on broth cultures. 
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